The efficacy and safety of pentobarbitone, ketamine/xylazine, fentanyl/fluanisone/ diazepam, and halothane/nitrous oxide anaesthesia were compared in 4 groups of six New Zealand White rabbits. Heart and respiratory rates, body temperature, reflexes, blood pressure and blood gases were measured.
Many complications still arise when anaesthetizing rabbits and there are several possible reasons. The margins of safety between anaesthetic and lethal doses are less than those found in other animals (Soma, 1971; Wurster, 1973; Mailhac et al., 1980; Erhardt, 1984; Kupper, 1984) and there is wide individual variation in response to anaesthetic and ancillary agents Received 19 August 1986. Accepted 7 Apri/1988. (Mailhac et aI., 1980; Erhardt, 1984) . The rabbit also has strong reflexes which are difficult to suppress during general anaesthesia (Erhardt, 1984; Kupper, 1984) . Other problems may occur because of the relatively small diameter of the respiratory tract (Flecknell, 1983; Kupper, 1984) and difficulty with tracheal intubation due to the small glottis being hidden by the base of the tongue. A reliable method of endotracheal intubation method has been described by Davis and Malinin (1974) .
The purpose of this study was to investigate in the rabbit the efficacy and safety of 4 commonly used anaesthetic methods: pentobarbitone; fentanyl-fluanisone with diazepam; ketamine with xylazine; and inhalation anaesthesia with halothane/N 2 0 and oxygen. Depth and duration of anaesthesia, degree of muscle relaxation and the effects on metabolic and physiological parameters were assessed.
Materials and methods
Twenty-four male New Zealand White rabbits, weighing 2'4±0'5 kg were used. The animals were housed individually in stainless steel cages and were not fasted on the day of the experiment.
In two stages, performed two weeks before the experiment, the rabbits were equipped with an indwellingaortic cannula (Sylastic,i.d. = O· 025 rom) for monitoring arterial blood pressure, and sampling arterial blood. For this procedure the animals wereanaesthetizedwith fluanisone 8 mg/kg intramuscularly (Lm.) and fentanyl 0·16 mg/kg Lm. The catheter was connected subcutaneously to an Ealing arterial valve, which was placed in the dorsal neck (Visseret al., 1985; Sneek et a/., 1985) .
Each rabbit was allocated to one of 4 groups, each of which consisted of 6 rabbits. Drugs were administered as follows:
Group A received diazepam (Valium; Hoffmann La Roche BV, Mijdrecht, The Netherlands) 5 mg/kg and fentanyl-fluanisone (Hypnorm; Janssen Pharmaceuticals, Beerse, Belgium) O' 5 ml/kg (fentanyl 0'1 mg/kg and fluanisone 5 mg/kg). The drugs were injected into the m.Longissimus dorsi simultaneously, but at separate sites.
Group B received ketamine (Vetalar; Parke, Davis & Co, Detroit, Michigan) 50 mg/kg and xylazine (Rompun; Bayer, Leverkussen, FRG) 5 mg/kg, injected simultaneously into the m.Longissimus dorsi.
Group C received a mixture of nitrous oxideoxygen (2 : 1) and halothane (4-5070) using a face mask. When muscle relaxation was achieved, the trachea was intubated with a 3 mm Cole endotracheal tube. With the rabbit positioned in ventral recumbency, the tube was placed just cranial to the laryngeal inlet. Introduction of the tube into the trachea was controlled by listening to the sound of air flowing through the tube. The breathing system, a Magill attachment, was supplied with the lowest concentration of halothane necessary to maintain general anaesthesia, using a Fluotec 3 vaporizer (Cyprane, Keighley, UK). This vaporizer is calibrated over a temperature range of 18-38 DCand at a flow range of 0'5-10 litres per min. The fresh gas flow rate was set at 1· 5 litres per min.
Group D received pentobarbitone (Nembutal; Abbot BV, Amstelveen, The Netherlands) diluted to 15 mg/ml injected into an ear vein. An initial dose of 5 mg/kg was administered rapidly, followed by 7, 5 mg/kg every 2 min, until general anaesthesia was achieved.
Prior to each experiment, the resting respiratory rate and pulse rate of each rabbit was measured, the systolic and diastolic arterial blood pressures were recorded, as described by Sneek et al. (1985) and an arterial blood sample of O' 2 ml was taken via the arterial catheter. Peeters et al. Arterial P02 and PC02, base excess (BE) and the pH of the blood samples were measured using an ABL3 bloodgas analyser (Radiometer, Copenhagen, Denmark) . Throughout the whole experiment there was continuous monitoring of the electrocardiogram (F. Schwarzer GmBH, Munchen, FRG), rectal temperature (Ellab type du3s, Copenhagen, Denmark), heart rate and arterial blood pressure.
In groups A and B To was considered to be the moment of administration of the anaesthetic drugs. In group C and D however, To was chosen to be the moment upon which general anaesthesia was achieved. In group C, general anaesthesia was maintained for 45 min, after which 100% oxygen was administered for a period of 5 min. The endotracheal tube was removed when swallowing movements were noticed.
From To onwards, the following variables were recorded every 15 min: respiratory rate; heart rate (using ECG); body temperature; arterial Po2, Pco 2 , pH and BE; palpebral reflex; corneal reflex; pedal withdrawal reflexes from both front and hind legs, in response to the application of forceps; ear pinch response; skin sensitivity of the trunk, using forceps; muscle relaxation of the hind legs. Anaesthesia was considered to be achieved when both the ear pinch response and the pedal withdrawal reflexes were absent, and muscle relaxation was obtained. The recovery time was defined as the time from the return of these parameters to the moment when the rabbit was able to walk.
Statistics
The parameters measured prior to the experiment were compared using one-way analysis of variance. For each group the time dependence of parameters was investigated using a two-way analysis of variance without replication (Sokal & Rohlf, 1969) . The maximum differences between the mean base line values and the mean values for other moments were established and tested for significance using the t-test for paired observations. These maximum deviations were compared for the three groups by one-way analysis of variance. Table 2 . Success rate and duration of anaesthetic effects (median and range in min). Group A (n = 6): fentanylf1uanisone/diazepam; Group B (n = 6): ketamine/xylazine; Group C (n = 6): halothane/Np. 
Anaesthesia and recovery time (Table 2)
Satisfactory anaesthesia was only achieved in 3 rabbits in group A, and in 4 rabbits in group B. No significant differences were found between the medians of the duration of surgical anaesthesia in these animals (20 and 33 min, respectively). In group C all rabbits were maintained at the desired level of anaesthesia for a predeterminated time. The minimum halothane concentration in the fresh gas flow necessary to maintain this level of anaesthesia in the 6 rabbits was 2'5070 (median, range 2'5-4'0%). The differences in recovery times between the 3 groups were significant. mentioned. The skin sensibility test of the trunk using forceps proved unreliable as most of the rabbits did not react to this stimulus even when fully recovered from anaesthesia. In groups A and B not all the reflexes were always absent. In particular, the palpebral reflex was difficult to suppress. Only 2 rabbits in group A and one rabbit in group B lacked a palpebral reflex during a period of 27 min. In both groups A and B the ear pinch response was absent significantly longer than were the pedal and palpebral reflexes. In group B the period of absence of the ear pinch response as well as the pedal reflex in the hind leg, was shorter than that in group A. However, no difference was noted in the return of the pedal reflex of the front leg between these two groups. In the rabbits from group A, the hind leg pedal reflex was absent for a significantly longer period than was the front leg pedal reflex. In group C all reflexes were abolished for the entire anaesthetic period. Table 1 . Numbers of rabbits with absent reflexes at several times and total duration of absence (median and range in min). Group A (n = 6): fentanyl-f1uanisone/diazepam; Group B (n = 6): ketamine/xylazine; Group C (n = 6): halothane/Np
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Results from the investigation of reflexes, including surgical anaesthesia and recovery times, were tested by distribution free methods. Moments of several reflexes were compared within each group using Friedman's test. Wilcoxon's rank-sum test was employed for the comparison of reflex times between two groups.
In all cases P<0·05 was chosen as the level of significance.
Effects of anaesthetics on reflexes (Table 1)
In groups A, Band C, the corneal reflex disappeared at the same time as the palpebral reflex, thus only the palpebral reflex will be
Results
Pentobarbitone anaesthesia
The dose rate needed to produce anaesthesia ranged from 31 . 5 to 49, 0 mg/kg. Although one rabbit was satisfactorily anaesthetised for nearly 15 min, the remaining 5 rabbits underwent sustained repiratory arrest after achieving surgical anaesthesia. Thus no further results for this group are presented. Table 3 . Effects of anaesthetic combinations on blood pressures, heart and respiratory rate, temperature and arterial blood gasses. The maximum significant deviation from the basal value during the first 60 min is mentioned; n.s.: no significant deviations were recorded. Group A (n = 6): fentanyl-fluanisone/diazepam; Group B (n = 6): ketaminel xylazine; Group C (n = 6): halothane/N 2 0. 
Basal values Group
Temperature cerdiovascular and respiratory system (Table 3)
Both systolic and diastolic arterial blood pressures decreased in all 3 groups of rabbits, with no significant difference between the 3 groups. Halothane/N20 caused heart rate to increase to nearly 300 beats/min. All three groups showed a marked decrease in respiratory rate. This decrease was largest in group A (P<0'05) , where the rate fell to 15 respirations/min. For most rabbits in this group, respiration was very deep and sometimes irregular.
Body temperature decreased similarly in all 3 groups during the first 60 min (0' 8-1'4 0q. In group B, a metabolic alkalosis relative to the baseline value was noticed, which was partially respiratory compensated. In group C a rise in arterial Po 2 was noted in contrast to groups A and B, where the P0 2 decreased from 109 mmHg to 66 and 63 mmHg, respectively. Discussion Several breeds of rabbits have atropine-esterase in the liver, which causes rapid inactivation of atropine. Even within a breed, varying levels of atropine-esterase may be present (Van Zutphen, 1974) . Therefore, since. its effect can not be predicted, atropine was not administered to any rabbit in the 4 groups.
Fentanyl is a narcotic analgesic, approximately 20-100 times as potent as morphine, and as such the analgesia which it produces is accompanied by central respiratory depression (Green, 1975; Hall & Clarke, 1983) . Fluanisone, a butyrophenone tranquilizer, potentiates the analgesia provided by fentanyl, and antagonizes the respiratory depression (Marsboom et al., 1964) . In the present study, a marked decrease in respiratory rate was found in the rabbits anaesthetized with fentany1-fluanisone/ diazepam, accompanied by a large decline in Pa02' There were, however, no significant changes in PaH and PaC0 2 . Disturbances in lung perfusion or in the ventilation/perfusion ratio could account for the decrease in Pa02, while PaC02 remained constant. Marked depression of respiratory rate had been noticed previously by Flecknell et al., (1983) , however, in their study, changes in blood gas values, including Pa02, were minimal. This could be the result of the much lower dose of fentanyl-fluanisone used. In the present study, fentanyl-fluanisone/ diazepam produced anaesthesia in only 3 out of 6 rabbits and cannot therefore be regarded as a reliable form of anaesthesia for surgical procedures in the rabbit. Furthermore, the recovery time (94' 3 min) was long.
Ketamine, a cyclohexanone compound, provides a state of dissociative anaesthesia with analgesia and deep sedation. When combined with xylazine, good muscle relaxation can be achieved, and analgesia is prolonged (White & Holmes, 1976; Hall & Clarke, 1983) . Effects of the ketamine/xylazine combination in this study are similar to those found in other studies (White & Holmes, 1976; Jehle, 1979; Sanford & Colby, 1980) . Stimulation of respiratory rate was reported by Green (1975) . In his study, however, ketamine was used without xylazine, a drug known to cause respiratory depression (Sanford & Colby, 1980; Hall & Clarke, 1983 ).
In the group of rabbits anaesthetized with ketamine/xylazine, a metabolic alkalosis was found. This alkalosis was partially respiratory compensated as can be seen by the increased PaC02• This metabolic alkalosis is unexplained, but it has been previously reported in cattle after xylazine administration (DeMoor & DeSmet, 1971) . The arterial partial pressure of oxygen decreased from 109 to 63 mmHg, which would have resulted in the oxygen saturation of haemoglobin falling to less then 900,10 (Fenney, 1977) . The rise in PC02 would have caused a shift to the right of the oxygen haemoglobin dissociation curve and have resulted in an even further decrease in haemoglobin saturation.
Although high doses of ketamine (50 mg/kg) and xylazine (5 mg/kg) were used, surgical anaesthesia was obtained in only 4 of the 6 rabbits, and lasted only 20 min. It may therefore be concluded that this combination of drugs will not reliably produce satisfactory anaesthesia.
Halothane/N20 has been used successfully to anaesthetize rabbits for over 20 years (Sherrard, 1966; Betteridge, 1973; Davis & Malinin, 1974) . However, difficulties with endotracheal intubation made this type of anaesthesia unpopular, although special methods of intubation of the rabbit have been described (Davis & Malinin, 1974) . In the present study, after induction with a mask, intubation using the described method was always fast and straightforward.
In all 6 rabbits satisfactory anaesthesia was achieved.
The minimum concentration of halothane in the fresh gas flow necessary to maintain surgical anaesthesia in the 6 rabbits was 2· 5070, at a mean body temperature of 38-7°C. Generally, an adequate anaesthetic dose is considered to be 1 . 5 x MAC (minimum alveolar concentration). Two different MAC values for halothane in the rabbit have been reported. Davis et al. (1975) published a MAC value of 0-82±0'25% and Drummond (1985) found 1· 39 ± 0·23 %. Since the MAC linearly increases 8% per degree C (from 37'3 to 40'7°C (Steffey & Eger, 1974) , all values have to be corrected for temperature. At 38, 7°C, the reported MAC values would be 0,78% and l' 52%, respectively. When the 359 theoretical anaesthetic dose is calculated from these MAC values, only a slight difference exists between our anaesthetic halothane concentrations in the fresh gas flow and the 1 ,5 x MAC value from the study of Drummond (1985) . Halothane and nitrous oxide anaesthesia did not produce any important changes in blood gas tensions. The rise in arterial partial pressure of oxygen is as expected, due to the addition of 30% oxygen to the anaesthetic agents. Halothane is known to have a direct depressant effect on the myocardium and to reduce central vasomotor tone, which results in bradycardia and hypotension (Hughes, 1973) . In our study, the arterial hypotension was significant, but instead of a bradycardia a substantial rise in heart rate was noted. An increase in heart rate has also been reported by Wyler and Weisser (1972) and explained by a slight hypercapnia.
Since no significant hypercapnia was found in our study, it is possible that the hypotension was sufficiently pronounced to overcome the negative chronotropic effects of halothane and cause a reflex tachycardia.
With pentobarbitone a very small margin appears to exist between the dose for producing surgical anaesthesia and that causing respiratory arrest. The results are in agreement with those reported previously (Field, 1957; Gardner, 1964; Green, 1982; Flecknell et al., 1983) . Morgan et at. (1966) achieved a satisfactory level of anaesthesia in New Zealand White rabbits using 15-20 mg/kg pentobarbitone to perform a laparotomy. The results found by Morgan et al. (1966) are probably due to the central depressant effects of pentobarbitone, since pentobarbitone provides only minor degree of analgesia. When greater stimuli are imposed, such as an ear pinch, larger doses of pentobarbitone are required, thereby risking respiratory arrest.
Conclusions
From our results it may be concluded that pentobarbitone is unsuitable for achieving true surgical anaesthesia in the rabbit. There is no substantial difference between the use of ketamine/xylazine and fentanyl-f1uanisone/ diazepam in the rabbit, with regard to the side effects and effectiveness of the anaesthesia, both combinations produce unpredictable levels of anaesthesia in the dosages used. Halothane/ N 2 0 in 30070 oxygen is the most reliable and safest form of anaesthesia, although severe hypotension may be present, requiring supportive therapy. In assessing the anaesthetic depth, the ear pinch reflex and pedal withdrawal reflexes are the most appropriate.
